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A risk table to address concerns external to stock assessments when 
developing fisheries harvest recommendations
Martin W. Dorn and Stephani G. Zador

Resource Ecology and Fisheries Management, Alaska Fisheries Science Center, Seattle, WA, USA

ABSTRACT
This paper develops a risk table to facilitate incorporation of additional information into the 
fisheries stock assessment and management process. The risk table is designed to evaluate 
unanticipated ecosystem and environmental impacts on marine resources that may require a 
rapid management response. The risk table is a standardized framework to document concerns 
about the assessment model, population dynamics, and the ecosystem/environment that are 
not explicitly addressed within the stock assessment model. A scoring procedure is used to 
evaluate the severity of the concern. These concerns can then be evaluated in support for or 
against a reduction from the maximum Acceptable Biological Catch while providing reviewers 
and stakeholders transparent documentation of the concerns. The risk table was applied 
successfully to several stocks on a trial basis during the 2018 groundfish assessment cycle for 
the North Pacific Fishery Management Council, and will be used for all full groundfish assess
ments in 2019. Rapid changes in climate are likely for Alaska marine ecosystems in coming 
decades, and these changes are not entirely predicable. Therefore, we avocate that the risk 
table approach should be included in the suite of management tools used to address the 
effects of climate change on Alaska marine resources.
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Introduction

Alaska supports the largest groundfish fisheries in the 
United States (Fissel et al. 2019) and represents 75% of 
the US Exclusive Economic Zone. Overall, marine waters 
of Alaska are well studied, and an ecosystem approach 
to management of federal fisheries is well established 
(Hollowed et al. 2011). However in recent years, Alaska 
has experienced changes in marine ecosystems that 
represent unprecedented conditions. For example, in 
the Gulf of Alaska an extreme marine heatwave contin
ued from 2014 to 2016 (Bond et al. 2015), and in the 
northern Bering Sea, there was an unprecedented near- 
complete lack of winter sea ice during the winters 2017/ 
18 and 2018/19. These changes impacted groundfish 
population dynamics through increased mortality (e.g., 
Gulf of Alaska (GOA) Pacific cod Gadus microcephalus; 
2020), a shift in the distribution of Pacific cod to deeper 
water (Yang et al. 2019), and northward range expan
sions (e.g., eastern Bering Sea (EBS) walleye pollock 
Gadus chalcogrammus and Pacific cod; Thorson 2019, 
Stevenson and Lauth 2019). These extreme events have 
created challenges for scientists, managers, industry, 
and residents both in the annual process of stock assess
ment and harvest specification, and in the long-term 
strategic aspects of fisheries management (2020). In this 
paper, we describe a new method employed by the 
North Pacific Fishery Management Council (NPFMC) in 
2018 to facilitate the communication of ecosystem 

information, as well as uncertainty related to stock 
assessment models, in a transparent and consistent 
manner to inform management by enhancing under
standing of the ecosystem context for decision-making.

The NPFMC is an advisory body that makes fish
eries management recommendations for federal fish
eries in Alaska under a process established by the 
Magnuson–Stevens Fishery Conservation and 
Management Act. Each year the NPFMC makes catch 
recommendations based on stock assessments that 
are produced by fisheries scientists at the National 
Oceanic and Atmospheric Administration (NOAA 
Fisheries) and the Alaska Department of Fish and 
Game. In every December, stock assessments are 
used to establish two types of catch reference points 
for the upcoming year and the following year: the 
overfishing limit (OFL) and the acceptable biological 
catch (ABC) (NPFMC 2018a, NPFMC 2018b). The OFL is 
a level of catch that should not be exceeded, while 
the ABC is a lower catch level that accounts for scien
tific uncertainty in the overfishing level. The buffer 
between the OFL and ABC is determined by a tier 
system in which each groundfish stock or stock com
plex is assigned to a tier level that specifies the har
vest control rules used to establish the OFL and ABC 
(DiCosimo, Methot, and Ormseth 2010; North Pacific 
Fishery Management Council (NPFMC) 2018a, 2018b). 
The tiers range from one to six, depending on the 
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availability of stock information and the ability to 
reliably estimate management quantities such as 
maximum sustainable yield (MSY) and stock-recruit 
relationships. Information and data-rich stock assess
ments are in tier 1 in which reliable estimates of MSY 
and MSY stock size are available, while lower tiers are 
used for stocks in which estimates of these quantities 
are not available and proxies are used instead. Most 
stocks with age-structured assessments are in tier 3, 
where the OFL and ABC are calculated using proxies 
for the MSY fishing mortality rate based on spawning 
biomass per recruit. For tier 4 stocks, OFLs and ABCs 
are obtained by multiplying survey biomass by 
proxies for the MSY fishing mortality rate based on 
spawning biomass per recruit, while for tier 5 stocks, 
OFLs and ABCs are obtained by multiplying survey 
biomass by an estimate of natural mortality. Tier 6 
stocks are based on average catch over a specified 
time period. Tiers 2 is predicated on the availability of 
a specific set of information that in practice does not 
occur and consequently is not used.

In parallel with stock assessments, NOAA 
Fisheries scientists prepare ecosystem status reports 
that analyze status and trends of indicators to pro
vide assessments of ecosystem conditions to the 
NPFMC (Zador et al. 2017). Separate reports are 
prepared for each large marine ecosystem 
(Sherman 1991; PAME 2013), i.e., Eastern Bering 
Sea, Aleutian Islands, and Gulf of Alaska. The eco
system indicators range from metrics of climate to 
biology to human dimensions and are considered 
prior to reviews of individual stock assessments 
during annual assessment cycles.

An explicit part of the NPFMC stock assessment 
process is an evaluation of whether it is appropriate 
to reduce the ABC from the maximum permissible ABC 
that results from application of the harvest control 
rules in the tier system. As described in both the 
Bering Sea/Aleutian Islands (BSAI) and GOA groundfish 
Fishery Management Plans (North Pacific Fishery 
Management Council (NPFMC) 2018a and North 
Pacific Fishery Management Council (NPFMC) 2018b), 
groundfish stock assessments should “determine 
whether conditions exist that warrant setting ABC at a 
value lower than the maximum permissible value (such 
conditions may include – but are not limited to – data 
uncertainty, recruitment variability, and declining popu
lation trend) and, if so

(a) document those conditions,
(b) recommend an ABC lower than the maximum 

permissible value, and
(c) explain why the recommended value is 

appropriate.”

The above steps are undertaken first by the assessment 
authors of the individual stock assessments. The ABC 

recommendations then pass through two levels of 
scientific review to establish the final recommended 
ABCs: 1) the Groundfish Plan Teams (Plan Teams) and 
2) the Scientific and Statistical Committee (SSC) of the 
NPFMC. The NPFMC then sets final catch levels as Total 
Allowable Catch (TACs) with the constraint that the 
TAC for a stock may not exceed the final ABC recom
mended by the SSC for that stock.

The NPFMC tier system uses the buffer between the 
OFL and ABC to implement precautionary manage
ment and provide a preferred degree of conservatism, 
given the uncertainty that is present in stock assess
ments. Consequently, the rationale for a reduction 
from the maximum permissible ABC should be that 
there is either additional uncertainty in the assessment 
and/or additional risks (probability of something bad 
happening) to the stock that are not adequately taken 
into account by the default precautionary settings. For 
example, in 2006 a reduced ABC for EBS walleye pol
lock was justified in part due to an increase in biomass 
of juvenile pollock predators and an apparent lack of 
pollock prey (Zador et al. 2017). The SSC’s intent is that 
setting the ABC below the maximum permissible 
should be applied sparingly and that the tier system 
should be regarded as the primary basis for establish
ing the ABC. It is also important to note that the slop
ing harvest control rule for the ABC will substantially 
reduce the harvest rate when the stock is at a low 
abundance (Figure 1). This reduction in harvest rate is 
intended to address the concerns related to low stock 
abundance.

The process of considering whether to reduce the 
ABC below the maximum permissible is a long-stand
ing aspect of scientific advice that is provided to the 
NPFMC. However, the magnitude of the reduction and 
the criteria used to justify the reduction have not been 
standardized across groundfish species. The NPFMC 
SSC, therefore, encouraged the development of a 
more objective and rigorous process for considering 
ABC reductions that included a review of both stock 
assessment and ecosystem factors. In February 2018, 
the NPFMC SSC requested that a workshop be held to 
address the topic of adjustments made from the max
imum permissible ABC, and asked for the identification 
of clear and transparent rules for defining the specific 
criteria to be used when adjusting the ABC. This paper 
describes a proposed procedure that attempts to 
address these issues. However, first we identified 
three general approaches that might be used as a 
rationale for making adjustments to the ABC:

● Make reductions on a case-by-case basis as 
deemed appropriate with rationale provided con
currently (status quo).

● Establish a framework with guidelines and cri
teria. Reductions are based on applying the 
framework.
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● Use of an analytical approach that produces a 
reduction in the ABC. A simple example is the P* 
method (Shertzer, Prager, and Williams 2010), in 
which an increase in assessment uncertainty 
results in a larger buffer being applied. Other 
analytical approaches may include models with 
environmental covariates, multispecies models, 
or ecosystem models. A management strategy 
evaluation could be done to provide analysis of 
tradeoffs between adopting different manage
ment actions to deal with uncertainty or risk.

The case-by-case approach provides maximum flexibil
ity but is also subject to being applied inconsistently 
across stocks (see below). Use of a framework promotes 
consistency and transparency, but does not evaluate 
tradeoffs between potential actions. Although the ana
lytical approach has several desirable qualities, the 
necessary modeling to implement such an approach is 
complex and time-consuming, and would be difficult to 
complete within the truncated time frame necessary for 
fisheries management decision-making. Furthermore, 
the analytical approach would require rigorous testing 
before it could be implemented, so an interim qualita
tive approach based on expert knowledge was deemed 
an improvement over the status quo. Even if an analy
tical approach were to be adopted, it seems unlikely 
that it would be able to deal with every situation, given 
that unexpected events are often the impetus for addi
tional precaution.

To provide an overview of historical practice of 
recommending ABCs less than the maximum permis
sible, Thompson (2018) reviewed the annual stock 
assessments from 2003 to 2017 and identified all 
instances when the Plan Teams recommended setting 
the ABC below the maximum permissible. During the 
15 years, the Plan Teams recommended setting ABC 
below the maximum permissible in a total of 76 
instances. Reasons varied but generally grouped 
around concerns regarding the stock assessment (e. 
g., uncertain survey estimates or parameter estimates), 

population dynamics (e.g., poor recruitment or declin
ing biomass), or ecosystem considerations (e.g., preda
tion pressure or bird die-offs, though reductions due to 
ecosystem considerations were relatively uncommon). 
In some cases, economic factors were cited, such as 
variability in yield or the amount of effort required to 
catch the ABC. The buffers ranged from less than 10% 
to greater than 90%, but were most often between 
10% and 30%, with a mode at a buffer of 15%.

One shortcoming of the historical analysis is that 
documentation existed only when there was a recom
mended reduction. In some cases, an evaluation was 
made of various concerns, but a reduction was not 
recommended because the conditions were regarded 
as not sufficiently extreme to warrant a reduction. In 
other cases, no evaluation was made. One advantage 
to applying a framework consistently for all stocks is 
that it would establish a stock-specific record of con
cerns and issues with the assessment, population 
dynamics, and the ecosystem. There would be sup
porting documentation in situations where the max
imum permissible ABC was considered scientifically 
appropriate. There are many stocks in the North 
Pacific with reliable stock assessments, are at healthy 
levels of abundance, and have no severe environmen
tal/ecosystem concerns, and documentation of these 
cases is important for a balanced perspective.

While acknowledging long history in Alaska of 
incorporating ecosystem and other concerns to adjust 
single-species stock assessment-based catch recom
mendations, in this paper our objective was to improve 
this process by designing a framework that would be 
applied consistently for each stock, and would docu
ment the criteria evaluated in support for or against a 
reduction in maximum ABC. The risk table described 
here establishes standardized framework to document 
assessment model, population dynamics, and ecosys
tem concerns that are not treated analytically within 
stock assessments. The table also provides reviewers 
and stakeholders with transparent documentation of 
the current state of knowledge of those concerns.

Figure 1. Harvest control rule for NPFMC Tier 3 stocks where F35% is considered a proxy for FMSY showing the buffer between the 
ABC and OFL, and how fishing mortality is ramped downwards as stock size declines.
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Methods

There are three types of interrelated considerations 
that could be used to support a recommendation 
whether or not to reduce the ABC below the maximum 
permissible ABC:

(1) Assessment-related considerations, such as:
a. Data-inputs: biased ages, skipped surveys, 

lack of fishery-independent trend data.
b. Model fits: poor fits to fishery or survey data, 

inability to simultaneously fit multiple data 
inputs.

c. Model performance: poor model conver
gence, multiple minima in the likelihood sur
face, parameters hitting bounds.

d. Estimation uncertainty: poorly estimated but 
influential year classes.

e. Retrospective bias in biomass estimates.
(2) Population dynamics considerations, such as: 

decreasing biomass trend, poor recent recruit
ment, inability of the stock to rebuild, abrupt 
increase or decrease in stock abundance, other 
unusual changes in stock age-structure or 
recruitment patterns.

(3) Environmental/ecosystem considerations, such 
as: adverse trends in environmental/ecosystem 
indicators, ecosystem model results, decreases 
in ecosystem productivity, decreases in prey 
abundance or availability, increases in predator 
abundance or productivity.

Assessment-related considerations are those asso
ciated with an increase in the uncertainty of the stock 
assessment model. In contrast, population dynamics 
and environmental/ecosystem considerations relate 
to an increase in risk beyond what is already accounted 
for in a stock assessment. For example, this increased 
risk could be a result of a sudden decline in abundance, 
or a series of recruitment failures in a previously unob
served pattern. Other scenarios that increase the risk to 
the stock will be unanticipated, such as when the 
2014–2016 marine heatwave in the Gulf of Alaska 
caused impacts to the Pacific cod stock.

Population dynamics considerations arise from the 
results produced by a stock assessment, which are esti
mated values and not direct observations. 
Consequently, extreme patterns in the population 
dynamics could be genuine phenomena or simply 
error in the assessment. For example, a very low (or 
high) recruitment could be real, or the result of an 
under (or over) estimate by the stock assessment 
model. Other interactions and linkages between the 
three categories are likely, so evaluating for each cate
gory should be cognizant of this possibility.

Environmental/ecosystem considerations will usually 
be based on indicators that track environmental or 
ecosystem properties that are regarded as important 

to the stock because of a plausible ecological connec
tion. The indicators could be species-specific or ecosys
tem-wide indicators. Indicators could include direct 
forcing variables that have been linked to the popula
tion dynamics of the stock, or indirect indicators that 
inform a population process. An example of the former 
is the effect of temperature on recruitment, while an 
example of the latter is the fledgling success of a bird 
species that preys on the stock or similar prey of the 
stock.

We constructed a framework that distinguishes 
these three types of considerations (assessment, popu
lation dynamics, and environmental/ecosystem). 
Within each type of consideration, we described a 
range of concern from level 1 (no concern) to 4 (the 
highest level of concern) (Table 1). We proposed that 
as a standard part of the annual stock assessment 
process, assessment authors and ecosystem scientists 
initially assign risk levels by qualitatively evaluating 
each of the three types of considerations against 
known information that is not modeled analytically in 
the stock assessment model. We proposed selecting 
the highest risk level of the three types of considera
tions as the overall risk level for each stock or stock 
complex. This approach is most precautionary and 
accounts for the possibility that scores for the different 
types of consideration are related. The initial risk levels 
were assigned by the assessment authors and included 
in the draft stock assessments. They were then 
reviewed and adjusted through the same annual 
review process as the stock assessment. The amount 
of any recommended reduction needed to be clearly 
stated along with the risk table, with an explanation of 
how this value was selected.

Information flow into risk table came from two main 
sources: the ecosystem status report, and the species- 
specific ecosystem and socioeconomic profiles (ESP, 
Shotwell 2018) that were available for some North 
Pacific stocks. The ecosystem status reports contain a 
broad range of ecosystem indicators that reflect eco
system-level processes. The ESPs contain ecosystem 
indicators that are explicitly linked to the stock 
through mechanistic relationships. This information 
was combined to inform risk tables as part of the 
harvest specification process (Figure 2), with the caveat 
that indicators in the ecosystem status reports have to 
be interpreted with respect to the particular stock. 
Identifying the relevant indicators in the ecosystem 
status reports to inform the risk table was a unique 
collaborative process between assessment authors 
and ecosystem scientists that were specifically 
assigned to assist in the preparation of the risk table.

When the risk table was initially proposed to the 
Plan Teams and SSC, we suggested there could be 
guidelines on percentage reduction in the ABC based 
on the risk level, with idea that a higher risk would 
result in a larger percentage reduction. Several options 
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were presented, including a fixed percentage buffer 
that would increase (at either a faster or slower rate) as 
the overall risk level increased. These options were 
intended as examples to facilitate discussion but 
were also designed to roughly bracket the range of 
ABC reductions that were used in the past. These 
suggestions were not accepted by the Plan Teams 
and the SSC, preferring instead to maintain status- 
quo methods for setting buffers, and requesting addi
tional analyses to support procedures for determining 
the amount of ABC reductions. The SSC strongly 
endorsed the use of risk tables in stock assessments, 
but recommended that for now they are used as sup
port for making a reduction rather than being prescrip
tive regarding the amount of a potential ABC 
reduction, and also recommended that an increase in 
the risk score should not automatically result in an ABC 
reduction. The proposed framework does allow for 
progress to be made toward more standardized 
approaches in the future should the SSC modify its 
recommendations.

Results

During the 2018 assessment cycle, five risk tables were 
completed as test cases by assessment authors and 
ecosystem scientists and reviewed by NPFMC scientific 
review committees: GOA Pacific cod, GOA walleye pol
lock, BSAI Atka mackerel Pleurogrammus monoptery
gius, sablefish Anoplopoma fimbria, and EBS walleye 
pollock. Additionally, during the first level of scientific 
review of the EBS Pacific cod stock assessment, the 
Plan Team used the framework to complete a risk 
table for this stock. All of these stocks are assessed 
with age-structured assessment models, and are in 
tier 3 of the NPFMC tier system, with the exception of 
EBS walleye pollock, which is in tier 1.

Of the five stock assessments that initially included 
a risk table, four recommended a reduction from the 
maximum ABC (GOA Pacific cod, GOA walleye pollock, 
sablefish, and EBS walleye pollock). The risk table for 

BSAI Atka mackerel did not identify any elevated con
cerns for the assessment, population dynamics, or 
environmental/ecosystem categories resulting in an 
overall level 1 concern. Therefore, no reduction from 
the maximum permissible ABC of 68,500 t was recom
mended. The risk table that was completed by the Plan 
Team for EBS Pacific cod also recommended a reduc
tion in ABC, in contrast to the stock assessment recom
mendation of the maximum permissible ABC. Below 
we summarize the scoring for those stocks and the 
resulting ABC recommendations.

GOA Pacific cod

A level 2 concern was identified for the assessment 
due to concerns about sensitivity to model assump
tions and uncertainty in reference points. A level 4 
concern was identified for population dynamics due 
to 3 years of poor recruitment, and increased natural 
morality of adults during the 2014–2016 marine heat
wave. The female spawning biomass was estimated to 
be at its lowest point during the 41 years covered by 
the stock assessment. However, the Plan Team 
reduced this to level 2 given that the stock assess
ment already accounted for the low biomass. The 
environmental/ecosystem category was scored as 
level 2 concern because of the onset of a new marine 
heatwave in 2018 and poor prospects for age-0 survi
val. The author recommended a 13.6% reduction in 
the ABC to maintain the stock above the B20% in 2019 
with greater than 50% probability based on model 
projections that consider assessment uncertainty and 
future recruitment variability. The B20% reference 
point is defined as the spawning stock biomass at 
20% of the unexploited level, and is an important 
reference point in the protection measures for endan
gered Steller sea lions, for which Pacific cod is impor
tant prey. The Plan Team and SSC concurred, with the 
final ABC set at 17,000 t, 13.6% below maximum 
permissible ABC of 19,670 t determined by the stock 
assessment model.

Table 1. Risk classification table for assessment, population dynamics, and environmental/ecosystem considerations.
Assessment-related considerations Population dynamics considerations Environmental/ecosystem considerations

Level 1: Normal Typical to moderately increased 
uncertainty; minor unresolved 
issues in assessment.

Stock trends are typical for the stock; recent 
recruitment is within normal range.

No apparent environmental/ecosystem 
concerns.

Level 2: 
Substantially 
increased 
concerns

Substantially increased assessment 
uncertainty or unresolved issues.

Stock trends are unusual; abundance 
increasing or decreasing faster than has 
been seen recently, or recruitment pattern 
is atypical.

Some indicators showing an adverse signals 
but the pattern is not consistent across all 
indicators.

Level 3: Major 
Concern

Major problems with the stock 
assessment; very poor fits to 
data; high level of uncertainty; 
strong retrospective bias.

Stock trends are highly unusual; very rapid 
changes in stock abundance, or highly 
atypical recruitment patterns.

Multiple indicators showing consistent 
adverse signals a) across the same trophic 
level, and/or b) up or down trophic levels 
(i.e., predators and prey of stock)

Level 4: Extreme 
concern

Severe problems with the stock 
assessment; severe retrospective 
bias. Assessment considered 
unreliable.

Stock trends are unprecedented. More rapid 
changes in stock abundance than have 
ever been seen previously, or a very long 
stretch of poor recruitment compared to 
previous patterns.

Extreme anomalies in multiple ecosystem 
indicators that are highly likely to impact 
the stock. Potential for cascading effects on 
other ecosystem components.

ECOSYSTEM HEALTH AND SUSTAINABILITY 5



GOA walleye pollock

This stock was scored at substantially increased con
cerns, level 2, for all three categories (Table 2). 
Assessment concerns included contradictory survey 
data and poor model fits. Population dynamics con
cerns included a lack of recruitment to the stock for 4 
years and a collapsed age structure consisting of a 
single very strong year class. Environmental/ecosystem 
concerns included the onset of a marine heatwave in 
the GOA and weak El Niño conditions. The overall level 
2 concern resulted in the assessment author recom
mending a 15% reduction from maximum ABC deter
mined by the stock assessment model, which was the 
mode of buffers that have been applied in the past, 
based on the historical analysis reported above. The 
Plan Team selected a similar reduction (14.3%) using 
an average between the previous year’s ABC and the 
current ABC. The SSC concurred, setting the final ABC 
at 135,850 t, 14.3% below maximum permissible ABC 
of 158,520 t.

Sablefish

A level 2 concern was identified for the stock assessment 
due to contrasting survey trends and poor fits to survey 
indices. A level 4 concern was identified for population 
dynamics. The sablefish assessment produced a recruit
ment estimate for the 2014 year class that is the largest 
ever, and is over seven times the average, but at the same 
time there has been a notable reduction in older-aged 
sablefish. Furthermore, an exceedingly large year class 
may have different growth and maturation characteristics 
than average, which could affect how quickly it enters the 
spawning biomass component of the stock. A level 2 
concern was identified for the environmental/ecosystem 

assessment because the condition of maturing fish was 
low, indicating a suboptimal forage base. The overall 
score for sablefish was therefore a level 4 concern, and 
the author consequently recommended a 47% reduction 
from maximum ABC determined by the stock assessment 
model, similar to the previous year. The Plan Team and 
SSC concurred, with the final ABC set at 15,070 t, 47% 
below maximum permissible ABC of 28,170 t.

EBS walleye pollock

Increased concerns were identified only for the popu
lation dynamics and environmental/ecosystem cate
gories. Population dynamics concerns included the 
below-average near-term recruitment and low age 
diversity of the spawning population. Environmental/ 
ecosystem concerns included the unprecedented 
warm conditions and a reduced zooplankton prey 
base. The assessment author recommended a 30% 
reduction from the maximum permissible ABC deter
mined by the stock assessment model based on a Tier 
3 calculation (although EBS walleye pollock is consid
ered a Tier 1 stock). An ABC based on Tier 3 calculation 
has been used for EBS walleye pollock for a number of 
years, so the recommendation in 2018 was in line with 
previous recommendations. The Plan Team and SSC 
agreed concurred, with the final ABC set at 2,163,000 t, 
30% below maximum permissible ABC of 3,096,000 t.

EBS Pacific cod

The risk table was completed by the Plan Team rather 
than the assessment author. The Plan Team selected a 
range of level 2–3 concern for each category rather 
than assigning a single level of concern. Assessment 

Figure 2. Flow of ecosystem information in NPFMC annual harvest specification process. Risk tables are produced for each stock 
assessment using information from both the ecosystem-level ecosystem status report (ESR) and from the stock-specific ecosystem 
and socio-economic profiles (ESP).
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concerns included retrospective bias in the stock 
assessment and sensitivity to model assumptions. 
Population dynamics concerns included recent low 
recruitment, including the lowest ever observed, and 
an unprecedented spatial distribution of the stock. 
Environmental conditions were also regarded as rela
tively extreme, and included the lack of sea ice, the 
absence of a cold pool, and unprecedented extent and 
duration of seabird die-offs indicating a lack of prey 
resources. Based on the overall level 2–3 concern, the 
Plan Team recommended a 20% reduction in the ABC 
below the maximum permissible ABC determined by 
the stock assessment model. The SSC regarded the low 
recent recruitment of Pacific cod as the primary con
cern, but concluded that this source of risk had been 
captured by the assessment model, and therefore did 
not accept the 20% proposed reduction by the Plan 
Team. Thus, the final ABC was set to the maximum 
permissible ABC of 181,000 t, as originally recom
mended in the stock assessment.

Much of the increased ecosystem-related concerns 
for these stocks are related to impacts of the 2014– 
2016 marine heatwave in the North Pacific. Gadids 
stocks seem to have been strongly affected by this 
extreme environmental anomaly, with Pacific cod 
clearly being more adversely impacted than walleye 
pollock, particularly in the GOA (2020). Conversely, 
sablefish may have benefited from the marine heat
wave (Hanselman et al. 2018).

After discussion of the potential benefits of a wider 
application of the risk table, the SSC requested that all 
stock assessment authors complete the risk table for 
the 2019 assessment cycle. The SSC considered the risk 
table to be an efficient way to organize concerns, and 

reiterated that it should be used to reach a decision 
rather than to justify a decision that had already been 
made. The SSC also requested that an additional col
umn be added to the risk table to evaluate fishery 
performance and fishing behavior concerns, consider
ing quantitative fishery metrics, local knowledge, and 
traditional knowledge for a broader set of observa
tions. The SSC has previously cautioned against the 
use of economics considerations in recommending 
an ABC. Economics considerations are taken into 
account in the NPFMC system when setting the TAC, 
which must be set lower than or equal to the ABC. 
Therefore, fishery indicators should be restricted to 
those that provide information about stock, such as 
abundance trends and changes in phenology and spa
tial distribution. They should not be indicators of socio
economic performance.

The NPFMC’s Advisory Panel (AP), composed of 
industry representatives and other stakeholders, dis
cussed the risk table and ultimately endorsed the SSC’s 
recommendation. One concern of the AP was that 
application of the risk table would lead to more situa
tions where a reduction from maximum ABC is recom
mended (however this does not appear to have 
happened). The AP emphasized that the existing tier 
system is designed to implement precautionary fish
eries management and that the reductions from the 
maximum ABC should be infrequent. However, the AP 
also recognized the benefit of the risk table in promot
ing greater transparency in ABC recommendations by 
providing a clearly articulated and transparent list of 
concerns. The NPFMC likewise recommended that all 
stock assessment authors complete the risk table for 
the 2019 assessment cycle.

Discussion

The risk tables that were introduced in 2018 were 
designed to organize information used to support a 
recommendation about whether ABC should or should 
not be reduced from the maximum value from the 
stock assessment model. This type of information – 
encompassing concerns about the assessment model, 
stock population dynamics that may not be well 
addressed in the model, and environmental/ecosys
tem conditions – has a long history of being consid
ered in the NPFMC assessment process, whether or not 
a reduced ABC is recommended. However, the organi
zation of considerations and documentation thereof 
has been ad-hoc in the past. Thus, a primary motiva
tion of developing the risk table introduced here is to 
create a standardized framework to document these 
concerns. A standardized framework has the added 
value of improving communication and increasing 
transparency among all stakeholders in a resource 
management process. Another benefit is that the risk 
tables establish a record of issues that were considered 

Table 2. Risk table evaluation for Gulf of Alaska pollock in the 
2018 stock assessment.

Assessment-related 
considerations

Population dynamics 
considerations

Environmental/eco
system considerations

Contradictory data, 
very poor model 
fits to recent survey 
indices. But model 
seems robust, no 
retrospective 
pattern. 
Conclusion: Level 
2, substantially 
increased 
concerns

Stock dominated by a 
single year class. 
Four years of very 
weak recruitment. 
There have been 
similar patterns in 
the past, but never 
this extreme. 
Conclusion: Level 
2, substantially 
increased 
concerns

Onset of a marine 
heatwave and 
projections of a 
weak El Niño are 
not conducive for 
winter survival for 
age-0 pollock. 
Zooplankton 
indicators are 
mixed. Some 
suggest prey for 
adult pollock is 
abundant, but 
planktivorous 
parakeet auklets in 
the central GOA 
had poor 
reproductive 
success in 2018. 
Conclusion: Level 
2, substantially 
increased 
concerns
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in developing scientific recommendations, as well 
whether the maximum permissible ABC was consid
ered appropriate, or whether a reduction was recom
mended. This record, as it accumulates, will enable 
analyses of historical decision-making to improve 
future recommendations.

The risk table methodology developed in this paper 
is related to other types of qualitative risk assessments 
that have been developed to support fisheries man
agement (Holsman et al. 2017). Vulnerability assess
ments were originally developed to evaluate the 
vulnerability of stocks to overfishing (Hobday et al. 
2007) and have been applied extensively to evaluate 
overfishing risks for data-poor stocks (Hobday et al. 
2011; Patrick et al. 2010, Ormseth and Spencer 2011). 
More recently this type of risk assessment has been 
adapted to evaluate vulnerability to climate change 
(Gaichas, Link, and Hare 2014; Hare et al. 2016; 
Spencer et al. In Press). These approaches are intended 
to generate an overall score that summarizes the risk 
to the stock, and evaluate static characteristics of stock 
(i.e., they are not dynamic). In contrast, the risk table 
methodology in this study is explicitly linked to a 
particular stock assessment and prevailing environ
mental conditions in a given year and is intended to 
inform a decision about the ABC. It should be expected 
that the risk level could change each time the stock is 
assessed as stock status and environmental conditions 
change.

The NPFMC Fishery Management Plans (FMP) for 
the groundfish of the Eastern Bering Sea and the Gulf 
of Alaska already allow flexibility in establishing an 
ABC that deviates from default control rules in the 
FMP. The risk table provides a qualitative framework 
for review of structural and parameter uncertainty 
within the assessment and consideration of environ
mental or ecosystem processes that could directly or 
indirectly influence the stock. Several other Councils, 
for example the Mid-Atlantic Council and the Pacific 
Council, use the P* procedure in which the SSC is 
responsible for characterizing the uncertainty in an 
assessment, and the Council specifies a P* that repre
sents the Council’s risk policy (Shertzer, Prager, and 
Williams 2010). Together these generate the buffer 
between the OFL and ABC. The uncertainty consid
ered by the SSCs for these Councils is broader in 
scope than the statistical uncertainty from the assess
ment model, giving the SSCs some flexibility to clas
sify stock assessments with greater or less 
uncertainty. However, as applied by the Pacific 
Council, the focus is on assessment uncertainty, so 
this approach does not easily allow environmental 
information to be taken into account when establish
ing the ABC. This is not an inherent limitation of the 
approach, since the uncertainty parameter specified 
by the SSC could be used to take into account ecolo
gical concerns as well.

NOAA’s ecosystem-based fishery management 
roadmap (Link et al. 2016), and next-generation stock 
assessment improvement plan (Lynch, Methot, and 
Link 2018) both encourage stock assessment analysts 
and managers to incorporate ecosystem information 
into assessments. However, progress has been rela
tively slow (Marshall et al. 2018). In part, progress is 
made difficult by an evolving understanding of 
mechanistic relationships between ecosystem factors 
and stock assessment parameters. In addition, multiple 
factors may have synergistic, antagonist, or additive 
impacts on stock dynamics, and the responses may 
be nonlinear (Samhouri et al. 2017). If relationships 
between environmental indicators and stock para
meters are not truly stationary, bias could be intro
duced into the stock assessment (Puerta et al. 2019). 
Also, adding additional features to an assessment 
model adds complexity, and parsimony is generally 
regarded as desirable in stock assessment. Therefore, 
qualitative approaches, such as the risk table devel
oped here, can serve as an incremental improvement 
toward EBFM while more quantitative methods are 
developed and tested.

The risk table represents the best scientific under
standing of environmental/ecosystem forcing, and the 
process of updating the table each assessment cycle 
allows any new understanding of mechanistic relation
ships to be considered. As our scientific understanding 
of relationships between indicators and stock 
dynamics improves, indicators may transition to 
being explicitly included in the assessment model if it 
is determined that contribute significantly to the 
assessment (Lynch, Methot, and Link 2018). If an indi
cator is included in the stock assessment, it should not 
be used as a basis for reducing from maximum ABC 
through the risk table process.

The initial application of risk tables was for data-rich 
stocks, i.e., stock in Tiers 1–3 in the NPFMC Tier system. 
These are stocks with age-structured analytical assess
ments for which there will be considerable information 
to populate the risk tables, particularly for assessment- 
related and population dynamics considerations. 
Application of the risk table to data-poor stocks will 
be more challenging because of the lack of informa
tion, but is still, we contend, a useful and relevant 
exercise. For example, for Tier 5 assessments, many of 
which are based on fits to survey trends, it would still 
be possible to evaluate the fit to survey trend (assess
ment-related consideration), and to determine 
whether the estimated trend is indicating a rapid 
change in stock status (population-dynamics consid
eration). For data-poor stocks little would be known 
about relationships between environment and stock 
dynamics. However, it may be possible to infer likely 
impacts on data-poor stocks of large-scale environ
mental indicators with broad ecosystem impacts, 
such as marine heatwaves. Finally, it should be noted 
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that NPFMC fisheries management is designed to be 
more precautionary for data-poor stocks, so there may 
be less need to make adjustments to the ABC.

The assessment and population dynamics consid
erations in the risk table are a direct outcome of the 
process of conducting a stock assessment, but infor
mation for environmental/ecosystem considerations 
needs to be brought in from other sources. Although 
assessments in the North Pacific do include an ecosys
tem considerations section, these sections typically 
only include a description of the role of the stock in 
the ecosystem and some discussion of environmental 
and ecosystem drivers, and are not designed to track 
environmental/ecosystem indicators. Therefore, they 
are of limited utility in completing the risk table. 
Recently there has been progress to replace the eco
system consideration section of stock assessments 
with ESPs (Shotwell 2018). These are standardized pro
ducts that include ecosystem and socioeconomic indi
cators similar to those contained in the ecosystem 
status reports, but include only those indicators that 
are considered meaningful for the particular stock. A 
major difference between these stock-specific indica
tors and those in the ecosystem status report is that 
the indicators are based on a scientific understanding 
of relationship between indicator and stock, and thus 
can be evaluated as being beneficial or detrimental to 
the stock, albeit under assumptions of stationarity.

We argue that powerful rationale for using the risk 
table is that it provides greater transparency in the 
process of developing quota recommendations. 
Although reducing the ABC below the maximum per
missible has been done relatively infrequently in the 
past, the rationales were always specific to the stock, so 
there was no way to compare one instance where a 
reduction was applied to another. A scoring procedure 
that requires assessment concerns, population 
dynamics concerns, and environmental/ecosystem 
concerns be evaluated concurrently greatly improves 
the objectivity of the criteria being applied, and 
ensures that the factors considered are as comprehen
sive as possible. Transparency has the additional ben
efit of allowing stakeholders to see whether the 
process is being applied consistently across stocks, 
and makes scientific advisors more accountable for 
their scientific recommendations (Hobday et al. 2019). 
Another unanticipated benefit of developing risk 
tables is that the process of building the tables fos
tered collaboration between assessment authors and 
ecosystem scientists. Assessment authors may not 
know what ecosystem information is available that 
could be relevant to their stock, and the risk tables 
create an avenue for ecosystem scientists to focus on 
assessments, and to contribute information that helps 
put assessment results in a broader context.

A potential drawback of the risk table approach as 
proposed here is that the link to a harvest 

recommendation is one-sided (only reductions from 
maximum ABC, not increases). A temporary increase 
in the ABC may be appropriate in some situations, 
subject perhaps to restriction that the OFL cannot be 
exceeded. For example, environmental conditions 
could be exceptionally good for a stock, or the assess
ment is judged to be extremely accurate. However, in 
order for a more symmetrical process to be considered 
for linking risk table scores to harvest recommenda
tions, NPFMC FMPs would need to be modified.

At present, there is no explicit link between a score 
from the risk table and a quantitative ABC modifica
tion. Because a case-by-case approach was used to 
obtain a percent reduction, often based on historical 
precedent rather than a single method applied consis
tently, there was little consistency across stocks 
between the concern level and the percent reduction 
in the ABC. However, the 2018 assessment cycle was 
the first application of risk table approach, and contin
ued application may gradually lead to more consis
tency among assessments, particularly as experience 
accumulates on scoring procedures and analytical 
approaches.

In their discussion of ways to make progress, SSC 
thought it preferable to base the ABC reduction on a 
calculation that showed how the proposed ABC reduc
tion reduced the risk to the stock, and proposed using 
simulation testing to evaluate the performance of dif
ferent ABC reductions under various scenarios, such as 
a long period of recruitment failure, or a stock domi
nated by a single very strong year class. While we agree 
that these simulations are likely to be helpful in evalu
ating the tradeoffs between harvest levels and unde
sirable events, it is unclear how generalizable these 
experiments would be.

Another approach to evaluating tradeoffs would be 
to prepare decision tables by running projections 
using different ABC reduction scenarios, and then eval
uating projected stock status under different states of 
nature that represent the concerns identified in the risk 
table. For example, projections under periods of low 
and average recruitment might be done if a decline in 
recruitment was the concern. This would allow man
agers to evaluate tradeoffs between being too risk- 
adverse and losing fishing opportunities over the 
short-term versus long-term catch reductions that 
would occur if the Council did not buffer appropriately 
and the environment were to negatively impact the 
stock. However, we suspect that there will still be a 
need for general guidelines on ABC reductions, both as 
an interim approach and as a backstop to deal with 
unanticipated and novel situations.

Conclusion

The North Pacific is projected to experience relatively 
severe climate changes in the coming decades 
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(Gattuso et al. 2015; Mathis et al. 2015; Deutsch et al. 
2015). Important research is underway to anticipate 
those changes, evaluate the impacts on marine eco
systems and fisheries resources, and to develop 
management strategies that are robust to the pro
jected changes (Hollowed et al. 2019). Nevertheless, 
marine ecosystems are not completely predictable in 
their behavior, and there are likely to be unantici
pated impacts due to climate changes that require a 
rapid management response. We believe that the 
risk table described in this paper can be an impor
tant management tool to facilitate incorporation of 
varied information into the management process 
and should be included in suite of management 
tools needed to address the effects of climate 
change on marine resources. The generalized format 
of the tables is applicable to different management 
systems, increasing transparency in decision-making, 
and providing a record of knowledge to enhance 
single-species management systems.
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